Two formulae currently exist for calculating mean room surface exitance. This research note explains and demonstrates that one of these formulae is erroneous under certain conditions and stresses that the alternative expression should generally be used for computing mean room surface exitance.
Background
Cuttle has proposed mean room surface exitance (MRSE) as a metric that may estimate the perceived brightness of an indoor lit environment. 1 MRSE is defined as 'the measure of average illuminance at all points within a space due to reflected light from the room surfaces, with direct light from either the luminaires or windows excluded'. 2 In that same paper, Cuttle introduces the concept of MRSE through a thought exercise and from this, mathematically defines MRSE as:
where FRF is the first reflected luminous flux, this being equal to the sum of the direct luminous flux, E Sðd Þ , reflected from each surface of area, A s , and reflectance, s :
A / is the room absorptance, this being the sum of the surface areas, A S , times their absorptance values, where absorptance is given by one minus reflectance:
Equation (1) provides a simplistic and insightful way for lighting designers to relate the distribution of direct luminous flux to the total quantity of luminous flux within a space, but it is not without problems. In the thought exercise previously mentioned, Cuttle used an imaginary space, and this space always had uniform surface reflectances, i.e. the floor, walls and ceiling had the same reflectance value. When each surface has the same reflectance, how the FRF is distributed is irrelevant, but when the reflectances of surfaces differ, then the directional distribution of the FRF becomes problematic and the validity of the expression lapses. This happens because the luminous flux emitted from any given surface cannot be incident on that surface, and furthermore, its incidence on any other surface will depend on the geometric relationship between the two items, in addition to their reflectances. In other words, a precise solution needs to encompass not only the spatial distribution of the first reflection but also every subsequent inter-reflection, as the outcome is dependent upon the geometric and reflectance relationships of the room surfaces.
Raynham 3 has used a combination of transfer factors 4 and utilisation factors to estimate MRSE with hand calculations, but more complex spaces, and even general calculations, are more easily dealt with using lighting analysis software that can readily account for a high number of interreflections, such as Radiance. Considering calculation of an almost infinite number of inter-reflections to be possible, and using a reasonable assumption that all surfaces within a space are Lambertian diffusers, MRSE can alternatively be defined by the sum of the area-weighted exitance values within a space, divided by the total room surface area:
where M S is the mean exitance of each surface within the space, given by the product of the mean surface luminance, L S , and pi, :
2. The magnitude of error So, there are two formulae that can be used to determine MRSE: the first, equation (1), is straightforward to calculate, but relies on all room surface reflectances being identical to maintain accuracy and the second, equation (4), is complex to calculate but will produce reliable results. To quickly investigate the magnitude of error in equation (1), some calculations have been carried out with Radiance using an imaginary space. The space was 5 m in width and breath and 3 m in height, with a single pendant suspended at the centre of the space (1.5 m from the ceiling) that emitted 5000 lumens through a Lambertian distribution, either entirely as uplight or downlight. Note that this is the total luminaire lumen output, exclusive of Error in the calculation of MRSE 781 light output ratio. Equation (1) was applied by setting surface reflectances to zero, thus simulating the direct luminous flux on each surface, recording this, then post-processing the numbers using equations (2) and (3). A previously written script 5 was run to compute MRSE using equation (4) . This script applies equation (5), whilst ignoring direct luminous flux from luminaires, then post-processing to calculate MRSE. Table 1 shows the percentage level of error in equation (1), calculated over a selection of room surface reflectance values that all have an average of 50%.
It can be observed that the error experienced using equation (1) is reasonable when typical room surface reflectances are used and the luminous flux is directed mostly onto surfaces of high reflectance, but nonetheless, this error is enough to highlight the shortcomings of the expression. The error also has potential to increase when the geometry is varied beyond the simple cube tested here. Whilst equation (1) will most likely continue to serve as a teaching aid, and perhaps for lighting designers who understand its limitations and find benefit in using it to devise hierarchies, the calculation and measurement of MRSE for use in research, lighting standards or general illumination engineering should endeavour to apply equation (4) , and this should be computed using appropriate methods and software programs.
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